Background: Physical literacy is an emerging construct in children's health promotion, and may impact their lifelong physical activity habits. However, recent data reveal that only a small portion of Canadian children are regularly physically active and/or meet sedentary behaviour guidelines. To our knowledge, no study has investigated the association between physical literacy and movement behaviour guidelines. Therefore, the purpose of this study was to examine the relationship between physical literacy scores in Canadian children who meet or do not meet physical activity and sedentary behaviour guidelines. Methods: Children (n = 2956; 56.6% girls) aged 8-12 years from 10 Canadian cities had their physical literacy levels measured using the Canadian Assessment of Physical Literacy, which consists of four domains (Physical Competence; Daily Behaviour; Knowledge and Understanding; and Motivation and Confidence) that are aggregated to provide a composite physical literacy score. Physical activity levels were measured by pedometers, and sedentary behaviour was assessed through self-report questionnaire. Analyses were conducted separately for each guideline, comparing participants meeting versus those not meeting the guidelines. Comparisons were performed using MANOVA and logistic regression to control for age, gender, and seasonality. Results: Participants meeting physical activity guidelines or sedentary behaviour guidelines had higher physical literacy domain scores for Physical Competence and for Motivation and Confidence compared to those not meeting either guideline (both p < 0.0001). Participants had increased odds of meeting physical activity guidelines and sedentary behaviour guidelines if they met the minimum recommended level of the Physical Competence and Motivation and Confidence domains. Significant age (OR 0.9; 95% CI: 0.8, 0.9), gender (OR 0.4; 95% CI: 0.3, 0.5) and seasonality effects (OR 1.6; 95% CI: 1.2, 2.2 spring and OR 1.7; 95% CI: 1.2, 2.5 summer, reference winter) were seen for physical activity guidelines, and age (OR 0.8; 95% CI: 0.7, 0.8) and gender effects (OR 1.7; 95% CI: 1.4, 2.0) for sedentary behaviour guidelines. Knowledge and Understanding of physical activity principles was not related to guideline adherence in either model. Conclusions: These cross-sectional findings demonstrate important associations between physical literacy and guideline adherence for physical activity and sedentary behaviour. Future research should explore the causality of these associations.
Background
Regular participation in physical activity is recommended for children and adolescents in order for them to achieve and maintain a healthy lifestyle. For North American children and youth, it is recommended that they engage in at least 60 min of moderate -to vigorous -intensity physical activity each day [1, 2] . Simultaneously, health practitioners recommend that children and youth reduce the time spent being sedentary by limiting screen time to no more than 2 hours a day in Canada [1] , and less than one to 2 hours a day in the United States [3] .
There are many factors that contribute to the achievement of a healthy, active lifestyle and meeting physical activity guidelines (PAG) and sedentary behaviour guidelines (SBG); however, one area that has recently gained attention in the field of healthy active living is physical literacy (PL). The International Physical Literacy Association defines PL as "the motivation, confidence, physical competence, knowledge and understanding to value and take responsibility for engagement in physical activities for life" [4] . Children who are physically literate are capable of moving with confidence and competence in a wide variety of physical activities in multiple environments (e.g., land, snow, water, ice) [5] . Possessing an elevated level of PL may enable children to engage in habitual physical activity and reduce their sedentary time. Conversely, children with low levels of PL may engage in insufficient physical activity to receive the health benefits associated with meeting PAG [6] and may potentially experience the deleterious effects of excessive sedentary behaviour [3] .
PL is considered a dynamic concept, and has been regarded as a "lifelong journey" [7] . However, the assessment of PL levels in children may be a key period for both research and intervention, as this stage in a child's life is a critical period for the development of important physical activity correlates (i.e., gross-motor skills, fine-motor skills, coordination, preferences, and confidence). The Canadian Assessment of Physical Literacy (CAPL) [8] was developed to comprehensively and accurately measure PL, while adhering to the internationally accepted definition of the concept [4] . The CAPL's development was guided and finalized by a three-round Delphi expert review process to ensure that the model, evaluation metrics, and measurement procedures effectively and reliably assess PL [8] [9] [10] [11] [12] [13] [14] [15] [16] [17] [18] [19] .
Though physical activity and sedentary behaviour in children are well-studied areas in the field of health promotion, there has not been thorough exploration of possible linkages between the four domains of PL and children who meet or do not meet PAG and SBG. Therefore, the purpose of this study was to examine associations between PL domain scores among children who meet or do not meet Canadian PAG or SBG. It was hypothesized that children meeting PAG and SBG would demonstrate higher PL domain scores compared to children not meeting the guidelines.
Methods

Study design
The Royal Bank of Canada Learn to Play -Canadian Assessment of Physical Literacy (RBC Learn to Play -CAPL) study is a cross-sectional, national surveillance study designed to evaluate the PL of Canadian children. The overarching RBC Learn to Play -CAPL study collected data in 11 cities across seven Canadian provinces using convenience sampling methods. The overall study was initially approved by the Children's Hospital of Eastern Ontario Research Ethics Board (coordinating centre), and was subsequently approved by each site's institutional Research Ethics Board and local school boards. All children provided verbal assent to participate in the study, and written informed consent was provided by a parent/guardian.
Participants and setting
Canadian children aged 8-12 years from 10 cities (Victoria, British Columbia; Lethbridge, Alberta; Calgary, Alberta; Winnipeg, Manitoba; North Bay, Ontario; Windsor, Ontario; Ottawa, Ontario; Halifax, Nova Scotia; Antigonish, Nova Scotia; and Charlottetown, Prince Edward Island) from the RBC Learn to Play -CAPL study were included in this analysis. (Trois-Rivières, Québec, the 11th city involved in the RBC Learn to Play -CAPL study, was not eligible for this analysis because none of their participants had ≥6 days of valid pedometer data.) Study Site Investigators were recruited through professional networks of the Principal Investigator (MST), with a focus on selecting individuals in key geographic regions of Canada. The primary recruitment locations for this study were Canadian primary schools, with efforts to capture data from participants of varying socio-economic status and different residential living locations (i.e., urban, rural, suburban). After receiving approval from local school boards, Site Investigators contacted school principals via email using a standardized recruitment letter developed by the coordinating centre (Ottawa, Ontario). Secondary recruitment locations included summer camps, community centres, and sport clubs located in each respective city/area.
Measurements
Data collection was performed year-round beginning in the spring of 2014 up until winter 2017; seven sites began in 2014 and the remaining three sites began in 2015. Personnel from all sites participating in the RBC Learn to Play -CAPL study were trained on how to administer the CAPL by research staff from the coordinating centre (Ottawa, Ontario). Specifically, this involved all Site Investigators attending a two-day training workshop at the coordinating centre, where the overall Project Coordinator explained the development of the CAPL and how each measure was to be administered and scored, and where each Site Investigator was trained by performing mock data collection on volunteers. Data were collected at each site by trained Site Investigators, research assistants and/or post-secondary students following standardized procedures for each of the CAPL's four domains (Physical Competence, Daily Behaviour, Knowledge and Understanding, Motivation and Confidence), which were then aggregated to provide a composite PL score.
The composite PL score is out of 100, and scores are assigned to each of four categories for interpretation: Beginning (children have not yet achieved an acceptable level of PL); Progressing (improved PL score but have not yet achieved an acceptable level of PL); Achieving (obtained a score reflective of sufficient PL); and Excelling (demonstrated a high level of PL) [8] . The minimum recommended level of PL defined by the CAPL's scoring system is the ' Achieving' category. The Daily Behaviour domain was not included in analyses that categorized participants who met PAG/SBG or predicted PAG/SBG adherence, as a sizable portion of this domain's scoring structure is influenced by meeting both guidelines. A summary of the CAPL protocols and measures is provided in Table 1 ; detailed explanations of each protocol can be found in the literature [8] and in the CAPL Manual online (https://www.capl-ecsfp.ca/capl-manual/).
Data treatment
Only participants with at least 6 valid days of pedometer data (step counts between 1000 and 30,000/day; wear time of ≥10 h/day; completed daily pedometer log sheet) were eligible for analysis [14] . Participants were classified as either meeting PAG (≥12,000 steps ≥6 days/week) [20] or not meeting PAG. For SBG, participants were classified as either meeting the guidelines (≤2 h screen time/day) [21] or not meeting the guidelines. Participants self-reported their screen time as a proxy for sedentary behaviour, with questions selected from the United States' Youth Risk Behavior Surveillance System [16] . Participants reported (1) how many hours they typically watched TV, and (2) how many hours they played video games and/or used a computer during leisure time; these two questions were asked separately for both weekdays and weekend days. 
Statistical analysis
Descriptive statistics and PL domain scores were calculated as means and standard deviations for participants, stratified by those meeting and not meeting PAG and SBG (comparisons for PAG and SBG were kept distinct from the other). MANOVAs were used to compare differences in descriptive statistics. Cohen's d was calculated to determine effect sizes between descriptive comparisons. Logistic regressions were used to test for differences in PL domain scores between those meeting and not meeting PAG and SBG, while controlling for age, gender, and seasonality. Odds ratios were calculated for participants from logistic regressions, and McFadden R 2 values were generated for each guideline's model. Statistical analyses were conducted using R version 3.4.1 (The R Foundation for Statistical Computing, Vienna, Austria). Several packages were loaded into R for use with the analyses, including "psych", "effsize", "lubridate", "rms", and "pscl". Significance was set at p < 0.05.
Results
The descriptive characteristics of the study sample are provided in Tables 2 and 3 . Participants were 2956 Canadian children (56.6% girls). Boys had significantly higher PL domain scores and overall PL scores than girls (all p < 0.001) except for the Knowledge and Understanding domain, where girls scored higher than boys (p = 0.0001). However, effect sizes for most of these comparisons were considered negligible (all < 0.2), except for Daily Behaviour (Cohen's d = 0.22) and overall PL (Cohen's d = 0.20), for which the effect sizes were considered small.
The proportion of participants meeting PAG and SBG is presented in Table 4 . MANOVA revealed that only 20% of participants met PAG (n = 577), with a significantly higher proportion of boys (27%) meeting PAG than girls (14%; p < 0.0001). Those meeting PAG displayed significantly higher Physical Competence and Motivation and Confidence domain scores than those not meeting the guidelines (both p < 0.0001). Only small effect sizes were seen for Physical Competence Data from the logistic regression are presented in Table 5 , with odds ratios derived for each separate guideline analysis. Participants had greater odds of meeting PAG if they demonstrated the minimum recommended level of Physical Competence (OR 2.1; 95% CI: 
Discussion
The purpose of this study was to determine if there were associations between PL scores and PAG and SBG adherence. Logistic regression, performed separately for each guideline, revealed that children were at increased odds of meeting PAG and SBG if they met the minimum recommended level of Physical Competence and Motivation and Confidence. Specifically, the Physical Competence domain was shown to be the strongest predictor in the PAG model, while Motivation and Confidence appeared as the stronger predictor in the SBG model. No Data are shown as mean (SD) p value for differences between those meeting physical activity guidelines and sedentary behaviour guidelines versus those not meeting the guidelines (MANOVA test) Chi-squared test revealed more boys (27%) met PAG than girls (14%) (p < 0.0001) Chi-squared test revealed more girls (62%) met SBG than boys (50%) (p < 0.0001) Effect sizes were considered negligible if < 0.2, small if between 0.2-0.5, moderate if between 0.5-0.8, and important if > 0.8 Physical activity guideline adherence was defined as attaining ≥12,000 steps, measured by pedometer, on ≥6 days/week [17] . Sedentary behaviour guideline adherence was defined as ≤2 h screen time/day on weekdays and weekends [10, 11] A Pearson correlation coefficient of − 0.10 (p < 0.0001) was calculated between physical activity step counts and hours of screen time, demonstrating that these variables are not strongly correlated significant findings were observed for the Knowledge and Understanding domain. It is difficult to draw direct linkages to previous findings in the literature since this is the first study, to our knowledge, that collectively compares the domains of PL to children's PAG and SBG adherence. However, our data are supported by previous research that examined aspects of PL in isolation. For example, Morrow et al. showed that children not meeting PAG were less likely to achieve healthy physical fitness levels [22] . We found Physical Competence domain scores were lower among children who did not meet Canadian PAG. Similarly, Larouche et al. demonstrated that daily physical activity behaviour measured by pedometer was significantly correlated with CAPL health-related fitness measures (aerobic power, handgrip strength, plank) and motor skills as determined by the Canadian Agility and Movement Skill Assessment (CAMSA) [23] . Children in our study were more likely to meet PAG if they met the minimum recommended level of Physical Competence.
Previous research also illustrated that fundamental movement skills (FMS) play a critical role in physical activity engagement in childhood and adolescence [24, 25] , which is consistent with the CAPL incorporating a measure of FMS (i.e., CAMSA) into the Physical Competence domain. Our findings showed that the largest effect size observed when comparing PL domain scores between those meeting and not meeting PAG was in the Physical Competence domain (Cohen's d = 0.44), which suggests the importance of having adequate physical abilities to meet PAG. However, because our data was cross-sectional, we cannot infer causality between a child's physical competence and PAG adherence.
Regarding SBG, recent research by Edelson et al. showed that screen time, specifically TV time, was negatively associated with functional strength measures in a national sample of American children [21] . Additionally, research looking at sedentary time and motor coordination in isolation found that boys and girls who spent less than 76.5 and 77.3%, respectively, of their waking Reference categories for the physical literacy domains (physical competence, motivation and confidence, knowledge and understanding), gender and season when tested are for those not meeting the recommended levels, boys, and winter, respectively McFadden R 2 values for the PAG and SBG models are 0.15 and 0.12, respectively Domain scores (physical competence, motivation and confidence, knowledge and understanding) were analyzed as meeting the minimum recommended level as defined by the CAPL hours being sedentary had increased odds of achieving normal or good motor coordination scores [26] . This is consistent with findings from our Canadian study, as children who did not meet SBG had significantly lower levels of Physical Competence; yet the effect sizes for SBG adherence were half of what was observed for PAG adherence (Cohen's d = 0.21). Nonetheless, reducing time spent sedentary and replacing it with time spent in physical activities may be an advantageous approach to enhance a child's PL.
Results from this study demonstrated that children meeting PAG and SBG had significantly higher scores in the Motivation and Confidence domain compared to children not meeting the guidelines. Additionally, children were at increased odds of meeting PAG and SBG when they met the minimum recommended level of Motivation and Confidence. A systematic review by Owen et al. revealed that increased levels of motivation were related to greater physical activity [27] . However, research has suggested that the motivation to be active is independent of the motivation to be sedentary [28] . Further identifying the interplay between motivation, physical literacy, and sedentary behaviour may be an area of research that warrants exploration, as the Motivation and Confidence domain was the strongest predictor in the SBG model.
Although these findings align with the stated hypothesis, no significant differences or predictor statuses were observed in any of our analyses for the Knowledge and Understanding domain. This finding may not be unusual, as an individual can possess knowledge regarding the benefits of adopting or altering certain behaviours yet decide not to act upon that knowledge [29] . Similarly, the fact that a child does not adhere to PAG or SBG may not be indicative of a lack of understanding of the concepts and accompanying principles that underlie a healthy active lifestyle (i.e., guidelines, health benefits, terminology). Other factors (such as motivation, enjoyment, parental support, and capability) may play a more significant role in the likelihood of children meeting PAG and SBG.
Only 20% (n = 577/2956) of participants in this study met the Canadian PAG. The prevalence of children meeting PAG from this cross-sectional study is higher than that found by the 2012-2014 wave of the Canadian Physical Activity Levels Among Youth (CANPLAY) study. The CANPLAY study, which also used pedometers to measure activity, found that only 7.8% of children met Canadian PAG [30] . This prevalence difference may be due to methodological factors, as our study did not use random sampling methods. Moreover, previous research has demonstrated that meeting PAG peaks in 9-to 10-year-olds [31] and our study's sample included children aged 8-12 years. Therefore, our sample's age range, which is more condensed than the CANPLAY study's 5-to 19-year-old age range, may have led to a higher prevalence of children meeting PAG. Despite the difference in prevalence, the low percentage of Canadian children meeting PAG continues to be concerning, with the majority of children not obtaining health benefits associated with regular physical activity [6] .
Regarding SBG, more than half of the study's participants self-reported meeting SBG (57%, n = 1633). This study's prevalence of meeting SBG is markedly higher than previous waves of nationally representative Canadian data (Canadian Health Measures Survey [CHMS] 2007 [CHMS] -2009 2009 2012 -2013 , which found through pooling the three survey periods that only 5.4% of 6-to 17-year-olds either self-reported or proxy-reported (parent-report via interview) meeting the guidelines [32] . However, the age range in the CHMS (6-to 17-year-olds) is much wider than the 8-12 age range in our study. In addition, research in Canada [33] and in the United States [21] indicates that screen time increases as children and adolescents become older. Thus, the greater prevalence of not meeting SBG in the older age groups from the CHMS may have reduced the overall average adhering to the guidelines, ultimately contributing to the disparity in comparison to our findings.
Though not a primary outcome of interest, significant gender differences were revealed after separately analyzing the associations between guideline adherence (i.e., PAG and SBG) and PL. Compared to girls, boys achieved significantly higher PL scores in all domains, with the exception of the Knowledge and Understanding domain, where no difference was observed. Furthermore, more boys met PAG, and the girls in this study had decreased odds of meeting PAG compared to boys. This is consistent with other national research in Canada, which found that Canadian boys took more daily steps on average than girls [34] . Conversely, more girls met SBG than boys, and girls were also at increased odds of meeting SBG. Previous research in Canada has also shown that boys engage in more screen time than girls [33] , which is similar to the findings observed in our sample. Future research should expand on the potential gender differences between aspects of PL and adherence to PAG and SBG.
This study has strengths and limitations that warrant discussion. A marked strength is the large and geographically diverse sample of Canadian children participating in this study. An additional strength of this study was that the application of the CAPL was performed year-round to evaluate the impact of seasonality. Furthermore, the CAPL utilizes objective measures -administered by trained research staff -to measure the elements that comprise the Physical Competence and Daily Behaviour components of PL. In terms of limitations, Canadian children from the Northern territories (Yukon, Northwest Territories, Nunavut), Saskatchewan, New Brunswick, and Newfoundland & Labrador were not captured in this study. Consequently, this limits the applicability of the findings relative to Canadian children. Moreover, the data obtained from this study were from a cross-sectional design using convenience sampling methods, limiting the conclusions regarding the directionality of the associations. Pedometry was used to capture PA data instead of accelerometry, due to the surveillance study design, and this limited us from gathering any information on detailed movement counts (i.e., sedentary time, light PA, moderate to vigorous PA, etc.). Additionally, socio-economic status was not a measure of this study and could have influenced the findings.
Conclusions
The primary outcome of this study was that children were at increased odds of meeting PAG and SBG if they achieved the minimum recommended level of PL domain scores, namely for Physical Competence and Motivation and Confidence. The implications of this research suggest that there are associations between children's PL and the degree to which they adhere to PAG and SBG. Future research should account for limitations presented in this study and incorporate other factors, such as sociocultural, psychological and/or physical correlates, in prospective, longitudinal, and intervention studies. 
